Background and objective: Inaccurate measurements of body temperature following cardiopulmonary bypass may be associated with serious complications. The purpose of this study was to determine whether axillary and tympanic temperature measurements correlate with the urinary bladder temperature in the early postcardiac surgery period. Methods: Forty-nine adult patients who underwent cardiac surgery under cardiopulmonary bypass at our institution were prospectively studied. Urinary bladder, right axillary, right tympanic and left tympanic temperature measurements were simultaneously recorded at 0, 6, 12 and 18 h following cardiopulmonary bypass. Patients had one to four sets of recordings and a total of 629 temperature measurements were recorded. The mean difference (bias) between the bladder and each of the other methods and limits of agreement were calculated using Bland and Altman method. Results: The mean core body temperature recorded from the bladder on admission to the intensive care unit was 36.4°C. After 6, 12 and 18 h the mean core body temperature was 37.4°C (range: 35.2-39.0), 37.5°C and 37.45°C, respectively. The mean differences (bias) between the bladder temperature and the other three methods were: left tympanic, 0.65°C (95% CI: Ϫ0.24 to 1.58); right tympanic, 0.57°C (95% CI: Ϫ0.48 to 1.63) and right axillary, 0.55°C (95% CI: Ϫ0.27 to 1.36). Conclusions: The axilla and tympanic membrane are unreliable sites for core body temperature measurement early after cardiopulmonary bypass in adult patients and clinical decisions should be based on more reliable methods.
Introduction
Abnormal temperature in the early postoperative period following cardiac surgery is associated with complications [1, 2] and it is essential to measure the core body temperature accurately. Different methods are employed in the cardiac intensive therapy unit (ITU) for this purpose including pulmonary artery catheters, tympanic membrane probes, urinary bladder thermistors and skin temperature measurements. Although measurement by pulmonary artery catheter is considered as the gold standard, it is an invasive method, can be associated with serious complications [3] and is expensive. Bladder temperature probes have been shown to be reliable and correlate well with pulmonary artery catheters in reflecting core body temperature [4] . Tympanic membrane and axilla are used to record temperature in many intensive care units (ICUs) . We hypothesized that the temperature recordings from these three methods correlate with each other following cardiac surgery in adult patients and it should be possible to use them interchangeably.
This study was undertaken to compare the temperature recorded from urinary bladder, left and right tympanic membranes and the right axilla to assess the degree of correlation between these methods.
Methods
Between June 2003 and January 2004, 55 consecutive patients who underwent cardiac surgery under cardiopulmonary bypass (CPB) and had a urinary catheter with a thermistor were included in the study. Of these 6 patients had to be excluded because of the lack of simultaneous temperature recording giving a total of 49 eligible patients. Patients who underwent off-pump coronary artery bypass grafting (CABG), those with excessive bleeding (Ͼ200 mL h Ϫ1 ), cardiovascular instability requiring large doses of inotropes and/or insertion of intra-aortic balloon pump and low urinary output (Ͻ0.5 mL kg Ϫ1 h Ϫ1 ) were excluded from the study. Simultaneous temperature recordings were taken from the urinary bladder, right ear, left ear and right axilla at 0, 6, 12 and 18 h, respectively, following admission to the ITU after cardiac surgery. The devices used for temperature detection included First Temp Genius (Sherwood Medical, Crawley, UK) for tympanic measurements, IVAC TEMP PLUS II electronic thermometers (Alaris Medical Systems, San Diego, USA) for axillary measurements and Curity Thermistor 400 Series (Tyro Healthcare, Hampshire, UK) for urinary bladder measurements. The tympanic and axillary recordings were performed manually and the bladder temperature was read from the monitor by the ITU trained nursing staff. No attempt was made to take multiple readings from each of these sites as it would not reflect usual clinical practice. Some patients had less than four sets of recording as they were discharged from the ITU before 18 h. The basic exploratory analysis was undertaken using a box plot. The mean temperature Ϯ SD and the mean difference (bias) between each of the methods were calculated. To determine the strength and limits of agreement, the Bland and Altman method was used [5] .
Results
The age of the patients was 66 Ϯ 10 yr (range: 39-84 yr). Thirty-two patients were males. Thirty patients underwent CABG only. The remaining 19 patients had either an aortic or mitral valve replacement with or without CABG. The mean temperature recordings and inter-quartile range are plotted, respectively, as box and whisker plots in Figure 1 . The readings from 6, 12 and 18 h were combined to generate these plots. The changes in mean core body temperature over the different time points are shown in Figure 2 . The difference between the mean bladder temperature and the mean of other three methods Ϯ 1 SD at 0 h was 0.39 Ϯ 0.52°C, 0.41 Ϯ 0.58°C and 0.38 Ϯ 0.55°C and at 18 h, 0.75 Ϯ 0.55°C, 0.72 Ϯ 0.70°C and 0.65 Ϯ 0.62°C for left tympanic, right tympanic and the right axillary sites, respectively. The Bland and Altman method was used to demonstrate the strength of agreement between the groups, with the bladder temperature taken as the standard. The differences in temperature were plotted against the average of the two methods ( Fig. 3a 
Discussion
This study shows that a significant variation exists in the temperature recorded from the tympanic and axillary sites compared to the bladder temperature.
Considering that 95% of the differences will lie within 1.96 SD, a temperature of 37°C from left tympanic in this study has a 95% chance of lying between 35.63°C and 38.37°C. Similarly for the right tympanic it can lie between 35.67°C and 38.33°C and for the axillary between 35.89°C and 38.11°C. It is obvious that this degree of variation can result in serious clinical error in managing patients. Other authors have found a similar degree of bias in their studies. Giuliano and colleagues found a bias of Ϫ0.11 Ϯ 0.57 between pulmonary and tympanic temperature [6] . Nierman found a bias of Ϫ0.34°C between tympanic membrane and bladder thermistor [7] . In the study by Lefrant and colleagues [8] , a bias of 0.27 Ϯ 0.45°C was found between pulmonary artery and axillary temperature.
There are several reasons for the variations in temperature recorded from the tympanic membrane and axilla compared to the bladder temperature. It appears that if the tympanic probe can be directed with accuracy at the tympanic membrane, reliable core temperature can be obtained. However in clinical practice because of the long external ear canal in adults it is possible that the probe is directed towards the wall of the external ear canal rather than the membrane. This could be the reason for the intra-observer and inter-observer variation found in the study by Amoateng-Adjepong and colleagues [9] . The temperature of the external environment may have an effect and it is known that temperature differences have been found between two ears at the same time in a given subject [10] . In our study we found a difference of up to 1.8°C between the two ears. Similarly the axillary temperature depends on its positioning close to the axillary artery and improper placement results in variable recording. It may also be influenced by external environment such as warming blankets thereby indicating only the surface temperature rather than the core temperature. The bladder temperature has been shown to correlate well with pulmonary artery temperature in several studies [4, 7] . However, this is dependent on adequate urine flow rate and in patients with low urine output, bladder temperature lags behind the changes in core temperature [11] .
Our study has certain limitations. Firstly, the nursing staff collecting data did not have any additional training at the start of collection of this data apart from their normal training in the use of these thermometers. Secondly, as the patients had temperature recordings over up to 18 h, different nurses took the readings at different time points due to change in shifts introducing a greater degree of inter-observer variation. No comparison was made with pulmonary artery catheter temperatures as this study excluded unstable patients requiring large inotropic support. Nevertheless it represents the usual clinical practice on our unit and the data reflects the recordings that will be used to manage patients.
Cardiac surgery involves active cooling of patients during CPB and in the immediate postoperative period, patients are warmed with warming blankets on the ICU. Accurate temperature measurement are of paramount importance in these patients due to the risk of adverse effects of abnormal temperature. Insler and colleagues in their study of more than 5000 cases of coronary artery bypass surgery demonstrated an increased mortality, prolonged mechanical ventilation time, ICU stay and total hospital stay in patients who were hypothermic at admission to ICU [1] . Hypothermia-induced dysfunction of platelets and coagulation enzymes causes derangement of clotting and increased risk of bleeding [12] . Similarly myocardial dysfunction, haemodynamic instability, decreased peripheral perfusion secondary to vasoconstriction, decreased release of oxygen from haemoglobin, peripheral acidosis, increased incidence of wound infection and neurological dysfunction may occur [12, 13] . Hyperthermia has been demonstrated to have deleterious effects on cognitive function and cerebral injury in several studies [2, 14] .
It follows therefore that accurate temperature recording is essential in this group of patients to avoid the complications. Although the tympanic and axillary probes are cheap and simple, their reliability is questionable. As all patients following cardiac surgery require a bladder catheter to monitor urinary output, bladder thermistors with their high reliability in stable patients should be utilized. Unstable patients tend to have a pulmonary artery catheter and this can be used in place of a bladder probe in them. Reliance on axillary or tympanic measurements can result in inappropriate cooling or warming of the patients with resultant adverse effects.
In conclusion, our data demonstrates that the inaccuracies of temperature recording from tympanic and axillary sites already noted in children following cardiac surgery [4] and adult general intensive care patients [6] [7] [8] are also found in adult postcardiac surgery patients. Caution should be exercised in basing clinical decisions on these recordings. More reliable methods such as bladder thermistors should be routinely employed.
